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(54) Tide: A CULTURE OF SACCHAROAfTCES CERVISIjE CONTAINING THE GENE RESPONSIBLE FOR HUN- 
TINGTON'S DISEASE AND USES THEREOF 

(57)Abstract 

The present invention relates to nucleic acids useful in the detection and/or treatment of Huntington's disease. DNA has 
been isolated from the pl6.3 band of human chromosome 4 and put into Saccharomyces cervisice done 488 BT (NCYC2336). The 
invention also provides nudcic add fragments capable of hybridising with said clone, polypeptides produced by it, and monoc- 
lonal antibodies against the polypeptides. 
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A CULTURE OF SACCHAROMYCES CERVISIAE CONTAINING THE 
GENE HESPONSIBI.E FOR HUNTINGTON'S DISEASE AND USES THERE. OF. 

The present invention relates to nucleic acids 
useful in the detection and/or treatment o£ Huntington's 
disease and to materials derived from the nucleic acids. 

Huntington's disease (HD) is a progressive 
neurological disorder that typically produces emotional 
disturbances r lack of motor coordination and intellectual 
deterioration. The onset of symptoms generally occurs in 
mid-life, followed by progression of the disease to death 
over 15-20 years (Martin and Gusclla 1986). It is 
characterised pathologically by an extensive loss of 
specific neuronal classes r occuring primarily within the 
caudate nucleus and putamen with the relative sparing of 
neurons in the rest of the brain. The biochemical defect 
underlying the mechanism of this cell death is unknown and 
there is no existing treatment that will arrest the course 
of the disease. 

The inheritance of HD is well documented; it is 
caused by an autosomal dominant gene with complete 
penetrance and low mutation rate (nartin and Gusella 1986). 
Genetic linkage to the anonymous ONA marker D4S10 localised 
the mutation to the short arm of chromosome 4 (Gusella et 
al* 1983) and multipoint analysis has indicated that the 
gene is distal to this marker within the most telomeric 
subband, 4pl6.3 (Gilliam et al. 1987a}. The discovery of 
linked markers has allowed the development of a test for 
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both the presymptomatlc and prenatal identification of 
probable gene carriers (Meiss n et al. 1988). it has also 
led to the identification of individuals with a high 
probability of being homozygous for BD and, interestingly, 
the progression of ED in these individuals is 
indistinguisable from that in typical BD heter&zygotes 
(Wexler et al. 1987; Kyers et al. 1989). Recently, an 
intense effort has been employed to isolate closer and 
especially flanking marJcers to precisely define the 
position of the gene (Gilliam et al. 1987b; MacDonald et 
al. 1987; Pohl et al. 1988; Richards et al. 1988; Smith et 
al. 1988; Wasmuth et al. 1988; Whaley et al. 1988; Youngman 
et al. 1988; MacDonald et al. 1989b). 

A long range restriction map has been constructed 
with more than 20 independently derived DNA probes that map 
distal to D4S10. The map consists of three as yet unlinked 
segments that together cover 5 million base pairs (Mb) and 
extends minimally 4 Mb distal from D4S10 (Bucan et al. 
1989) to a position characterised either as a cluster of 
well cut restriction sites or the telomere of 4p. Order 
and orientation of the segments has been determined by 
genetic linkage studies (Richards et al. 1988; Wasmuth et 
al. 1988; Whaley et al. 1988; Youngman et al. 1989; 
MacDonald et al. 1989a) and by somatic cell genetics 
(MacDonald et al. 1987? Smith et al. 1988). Analysis of 
recombination events in Huntington's disease families 
(MacDonald et al. 1989a; Robbins et al. 1989) suggests that 
the most likely position for the HD gene is telomeric to 
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the most distal published marker D4S90 (defin d by probe 
D5) situated 300 kb from the end of th map (Bucan et al. 
1989). In spit of the intense analysis, a definitive 
flanking marker has not yet been Identified. 

The inventors have isolated DNA from the pl6.3 
band of human chromosomes 4 which contains the gene 
responsible for and characteristic of Huntington's disease 
(HD), A culture of Saecharomyces cerevisiae containing a 
yeast artificial chromosome (YAC clone) designated YBBBT 
containing this DNA was deposited on 26th September 1989 
under Budapest Treaty Conditions in the National Collection 
of Yeast Cultures, Colney Lane, Norwich, NR4 7AU, England 
under the Accession No • 

The present invention provides, in one aspect, 
YAC- clone YBBBT (Accession no. ). 

In another aspect the invention provides nucleic 
acid probes capable of hybridising with YAC-clone YBBBT. 
The probes may be single or double stranded, RNA or DMA. 
Preferably they will be labelled with conventional labels 
such as radio-labels, fluorescent labels or enzyme labels. 
The probes will be capable of hybridising with Y88BT under 
low stringency conditions. Preferably the probes will 
hybridise under high stringency conditions. 

The present invention also provides nucleic acid 
fragments capable of hybridising with YBBBT under low or 
high stringency conditions, containing a coding sequence 
corresponding to the* wild- type or mutant gene which, in 
mutant form is responsible for ED. 




Such coding s^guencos may encode th whole or a 
part of th polypeptid encoded by the ED gene r the 
wild-type gene of which the HD gene is a mutant. They may 
c ntain introns with suitable splicing sites and ligation 
signal sequences. Preferably the nucleic acid fragments 
also contain transcription and translation initiation and 
termination sequences in correct reading frame register 
with the coding sequences. They may further comprise 
transcription enhancer and promoter sequences operationally 
linked to the coding sequences or other sequences 
responsible for the phenotype of the mutation. The nucleic 
acid fragments may be in the form of inserts in cloning or 
expression vectors such as cosmids, plasmids, yeast 
artificial chromosomes and viral genomic nucleic acids. 

The present invention also provides virus 
particles containing nucleic acid fragments as hereinbefore 
described in the genomic nucleic acid and cells transfected 
with cloning or expression vectors or infected with such 
virus particles containing a nucleic acid fragment as 
hereinbefore described. 

The present invention further provides processes 
for expressing polypeptides encoded by nucleic acid 
fragments as hereinbefore defined comprising culturing 
cells transfected with cloning or expression vectors. Such 
culturing and expression may be conducted in vitro in 
tissue or cell culture or in vivo in ascites or in 
transgenic animals. Preferably polypeptides expressed by 
these methods may be recovered from the culture medium, 
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ascites fluid or a body fluid of transgenic animals or from 
th cells expressing the polypeptides by disrupting the 
cells and fractionating the cell debris. Transgenic 
animals harbouring the wild type r mutant gen which in 
mutant form is responsible for HD form a further aspect of 
the present invention. 

Polypeptides encoded by the nucleic acids as 
hereinbefore described form a further aspect of the 
invention. They may be useful for immunisation or therapy 
of HD and in diagnostic test methods for identifying 
carriers of the BD gene. 

The polypeptides may be immbolised or labelled 
for instance for use in such diagnostic tests. 

The invention further provides antibodies, which 
may be, for instance, polyclonal or monoclonal antibodies, 
and fragments of such antibodies, for instance Fab or 
F(abM2 fragments, raised against or specific for the 
polypeptides described above, and processes for production 
of the antibodies and fragments as described below. 

Such antibodies and fragments may be produced by 
conventional immunisation techniques using the polypeptides 
described above. Polyclonal antibodies are recovered from 
body fluids of animals immunised with the polypeptides. 
Alternatively the animals may be inoculated with cells 
containing nucleic acids as hereinbefore defined or 
infected with viruses containing such nucleic acids in a 
manner such that the cells or viruses express the 
polypeptides and stimulate an immune reaction. Polyclonal 
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antibodies may be recovered from the body fluids f animals 
so in culated or infected. 

Monoclonal antibodies are produced by removing 
antibody-secreting cells from animals inoculated, infected 
or imm\iniBed as described above, and immortalising the 
cells by fusion with immortals cells or other known 
techniques such as infection with £p6tein«-Barr virus » 
culturing the immortal cells and recovering the antibodies 
secreted thereby. 

The present invention also provides 
antibody-secreting cells and immortalised such cells or the 
decendants thereof which produce antibodies raised against 
or specific for polypeptides as described above. 

The antibodies and fragments thereof are useful 
in passive immunisation against the peptides described 
above and in diagnostic and therapeutic processes. 

For diagnostic uses the antibodies or fragments 
may be immobilised or labelled with labels such as 
radio-labels f fluorescent labels or enzyme labels. For 
therapeutic uses the antibodies or fragments may be used as 
targetting entities for therapeutic or cytotoxic agents, or 
in passive immunisation. 

For therapeutic uses the nucleic acids, probes, 
vectors, cells, viruses, polypeptides, antibodies or 
fragments thereof are preferably presented as unit- or 
multi-dose formulations comprising a pharmaceutically 
acceptable diluent or carrier, for instance as tablets, 
capsules, solutions, suspensions or dry powders or 
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concentrates suitable for use in pr ducing s lutions or 
suspensi ns, for administration orally or parenterally (in 
which cas the solutions or suspensions will be sterile and 
pyrogen-free) for instance intramuscularly, subcutaneously 
or intravenously as an injection or, in the case of 
intravenous administration, as a continuous infusion. 
Dosages and dosage regimes will be determined according to 
the activity and toxicity of the agent administered, the 
objective of administration and the age, size, weight, 
health and nutritional status of the recipient taking into 
account absorption and clearance rates and tissue 
distribution patterns for the agent administered. 

Such formulations form a further aspect of the 

invention. 

The invention further provides nucleic acids and 
probes and vectors, cells and viruses containing nucleic 
acids as hereinbefore defined, polypeptides and antibodies 
and fragments thereof raised against or specific for 
polypeptides as hereinbefore described find 
antibody-secreting cells for use in the treatment of the 
human or animal body by surgery or therapy or in diagnostic 
methods practised on the human or animal body and their use 
in preparation of medicaments for use in such treatment or 
diagnostic methods as well as methods for treatment or 
diagnosis comprising administering a non-toxic effective 
amount of a nucleic acid, probe, vector, cell, virus, 
polypeptide or antibody or fragment thereof to a human or 
non-human animal in need thereof. 
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The invention further provides diagnostic tests 
practised on a sample £ tissue r c lis or body fluids of 
individuals carrying r suspected to carry the HD gene 
c aprising contacting the sample with a nucleic acid, 
probe, vector, cell, virus, polypeptide, antibody or 
fragment thereof, and kits for use in such tests comprising 
at least the nucleic acid, probe, vector # cell, virus, 
polypeptide, antibody or fragment thereof and optionally 
further comprising, separately packaged, buffers, labelling 
reagents, reagents for detecting labels, controls and/or 
standards. 

The invention will be further explained and 
illustrated by the following description of the production 
and characterisation of Y88BT. The novel materials and 
processes described below represent particular embodiments 
of the invention. 

We have set out to delineate and clone the 
telomeric candidate region and describe here the use of 
Saccharomyces cerevisiae as a direct route to selectively 
clone the telomere of the short arm of chromosome 4* This 
done would minimally set physical limits to the position 
of the gene and provide a definitive flanking marker to the 
mutation. Whilst telomere cloning in E. coli has been 
reported (Blackburn and Challoner 1984; Ponzi et al. 1985), 
YAC vectors, allowing the replication of mammalian DNA 
fragments as artificial chromosomes in yeast 
(Burke et al. 1987], have provided the opportunity of 
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a simpler strategy* Such vectors contain a yeast centromere (CEN4). a 
replicating sequence (ARS1), selectable markers (URA3 and TRPI], and two 
cassettes of the telomeric repeat from Tetrahymena (TEL). The vector 
teiomeres are maintained by the addition of Saccharomyces telomeric repeats 
by the yeast telomerase (Shampay et ai. 1984), a process that Is template 
Independent (Greider and Blackburn 1985). Telomeric repeats, which 
consist of tandem arrays of short (6-8bp) G-T rich sequences, are highly 
conserved, seemingly across all eukaryotic species (Blackbum 1984; Moyzis 
et al. 1988). The sequencing of the human telomenc repeat has recently 
shown it to be identical to the Trypanosoma repeat and to differ by only one 
base with that from Tetrahymena (Moyzis et at. 1988). It seemed likely, 
therefore, that a human telomere would be functional in yeast. We describe 
here the construction of a vector containing ARSI, CEN4, URA3 and one 
cassette of the Tetrahymena telomeric repeat (TEL), to provide a system for 
the selection of mammalian telomeres (YAC-t1). Similar approaches have 
recently been described (Brown 1989; Cross et al. 1989; Cheng et al. 
1989). 

We have Isolated overlapping cosmids, 2R88 and B31 (defining locus 
D4S142) which on further analysis of the distal region of 4p16.3 by pulsed 
field gel electrophoresis (PFGE) were found to map approximately 200 kb 
distal to D4S90. An Mspl restriction fragment length polymorphism (RFLP) 
detected by p88-i8 (a subclone from 2R88) suggests that the HD mutation 
may be yet distal to this locus. Several lines of evkience suggested that the end 
of the pulsed field gel map Is in fact the end of the chromosome. The addition of 
a rare cutter polyiinker to the YAC-t1 vector (YAC-t2) allowed the Isolation 
of the most distal 120 kb BssHll fragment of 4p16.3 by the constructton of a 
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BssHII-telomore library and its subsequent screening with a probe from 
2R88. The strategy of constructing the library from an individual 
homozygous for the HD gene guarantees tha« the done described here derives 
from an HD chromosome. 
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Materials and Methods 



DNA and Cell lines 

Lymphobiastoid cell lines were as follows: GM1416B (karyotype 48 XXXX) 
(NIQMS, Human Genetic Cell Repository* Camden NJ); QUSHMI and QUSHM3 
are from individuals from the Venezuela pedigree likely to be homozygous for 
tiD (Wexier et aL 19B7); GUS641 and GUS115 are from Individuals from 
the Venezuela pedigree that do not carry the HD mutation. Somatic cell 
hybrids included: I-IHW693. a human-hamster hybrid containing human 
4pl5.l-4pter translocated onto a fragment of the short arm of human 
chromosome 5 (Wasmuth et al. 1986): HHW842, a human-hamster hybrid 
containing human chromosome 5 and human chromosome 4 with an 
interstitial deletion of 4pl4-4p16.3, retaining the terminal portion of 
4p16.3 (Smith et ah 1968); HHW847. a human-hamster hybrid containing 
several human chromosomes, including human chromosome 5. and a 1(4:21} 
chromosome in which 4p16^-4pter is absent XSmith et al. 1988). 

DNA Preparation, Digestion, Fractionation. Transfer and 
Hybridization 

DNA for conventional Southern blot analysis was extracted from peripheral 
blood leukocytes and lymphobiastoid cell lines by standard techniques. 
Isolation of high molecular weight DNA in agarose blocks from lymphobiastoid 
cell lines for both PFGE (7.5x1 cellsft)iock) and cloning Into YAC vectors 
(3x1 0^ cells^lock) was as previously published (Herrmann et al. 1987). 
High molecular weight DNA from blood was prepared by the selective lysis of 
erythrocytes (Herrmann and Frischauf 1987) with modifications as 
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described by Bucan et al. (1989). Chromosomes from Saccharomyces 
cerevisiae, for use as molecular weight standards on pulsed field gels (strain 
YP148) and for the analysis of YAC recombinants, were prepared as 
described by Carte and Olson (1985). Lambda muftlmers were purchased 
from FMC Bioproducts. 

Restriction enzymes were from NEB or BRL and digests were 
performed according to manufacturers recommendations. Restriction of DNA 
for. and fractionation of DNA by. PFGE was essentially as described in 
Hemnann et al. (1987). PFGE was performed by contour clamped 
homogeneous electric fields (CHEF) in an apparatus similar to that described 
by Chu et al. (1986) constructed at the EMBL, Heidelberg. Electrophoresis 
was at 5 V/cm in 0^5 x TOE at 140C. with specific get conditions and pulse 
times as described in the text and figure legends. DNA was transferred in 
alkali for 2 hrs onto Hybond-N+ (Amersham) from conventional agarose gels 
and for 48 hrs onto Hybond-N (Amersham) from pulsed field gels. Probes 
were labeled in agarose to high specific activity by random oligonucleotide 
priming (Feinberg and Vogelstein 1984). Hybridizations were performed in 
50% formamide at A2^C (Monaco et al. 1985) and filters were washed as 
described by Church and Gilbert (1984). Probes containing low copy repeat 
sequences were prehybridized with cold, sonicated total human DNA (Sealey et 
al. 1985). The oligomer (CCCTAA)4 was labeled by kinasing and hybridized 
In 0.5M Na2HP04 pH 7.2, 7% SDS. 1 mM EDTA at 42^0 for 20 hrs. The 
filters were rinsed three times in 3 x SSC, 0.1% SDS (1 x SSC is 0.15 M 
NaCI, 0.015 M trisodium citrate pH 7.0) at RT and washed twice for 2 min in 
3 X SSC, 0.1% SDS at SS^C. 
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R strlction Mappino of cosmlds 

Restriction mapping of cosmids was accordino to Rackwitz et al. (1985), 
using a computer program package for restriction map analysts and 
manipulation described by Zehetner and l^hrach (1986). 

Construction of telomere cloning vectors YAC-tl and YAC*t2 

The construction of the telomere donlng vectors is oufcned In Figure 5. 
YCpSO (Hieter et al. 1985) is a ^R322 based plasmld which contains ARSI 
(yeast origin of replication), CEN4 (yeast centromere) and URA3 (selectable 
marker) whilst retaining the plasmld origin of replication, amp and tet 
genes. EcoRl, BamlHl and Sail are among its unique restriction sites. The 0.7 
kb BamHI/Xhol fragment from YAC4 (Burke et al. 1987). that contains the 
Tetrahymena telomere repeats (TEL), was Isolated from a l-MP agarose 
(BRL) gel by treatment with agarase (Burmeister and Lehrach 1989) and 
ligated into the BamHI/Sall sites of YCpSO to create YAC-t1 (8^8 kb). The 
correct construct was indicated by tet sensitivity and by the destruction of the 
Sail site and retention of a BamHI site. Cleavage with BamHI/EcoRI generates 
a linear telomere cloning vector with TEL sequences at one end and an EcoRf 
doning site at the other. Replacement of the BamHI/EcoRI fragment with a 
rare cutter polylinker containing NotI, Sacll, Sail, MtuL Clal and SnaBI sites, 
and flanked by BamHI and EcoRI complementary ends, led to construction of 
YAC-t2 (8.05 kb). This polylinker was analogous to one previously described 
by Marchuk and Collins (1988) in the YAG-RC vector, and in addition to the 
unique restriction sites listed above, will accept ONA generated by BssHll. 
Eagl. Nael. Narl. Nrul. Smai and Xhol digests due to their ligation 
compatabiiity with sites in the polylinker. 
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Preparatlon f th YAC telomere library 
YAC-t2 was deaved with Mlul (NEB) and BamHI (BRL) and phosphatased 
(Boehringer-Mannhelm). High molecular weight genomic DNA was prepared 
from GUSHM1 in agarose blocks at 3x1 0^ cells/80 ul In 0.6% IMP agarose 
(BRL). This was digested to completion with BssHil (NEB. 20U) for 3 hrs. 
Digestion was tenninated by incubation with Proteinase K (1 mg/mO (BDH) 
and 50 mM EDTA piH 8.0 at ZT^C for 30 min. The Proteinase K was 
inactivated with 2 x 30 min incubations in 15 mi 40 ug/ml PMSF 
(phenylmethylsulphonyl-fiuoride; Sigma) in T£ (10 mM Tris (pH 8.0) 1 
mM EDTA) at 37^C. The bloci^ were equilibrated with NaCI such that the final 
salt concentration in the ligation reaction was 50 mM, and melted at 68^0 for 
5 min. 30 ug of genomic DNA was gently mixed with 60 ug of BamHI/Miul cut 
and phosphatased YAC-t2 and llgated overnight at 15^0 in a total volume of 
200 ul In 1 mM ATP. 40 mM Tris-HCl pH 7.6. 10 mM MgCIa, 1 mM DTT 
with 5 ul T4 DNA ligase (400 U/ul; NEB). Two ligations of 30 ug of BssHll 
cut GUSHM1 to Mlut/BamHI cut and phosphatased YAC-RC were prepared in 
parallel by the same protocol with the exception that only 30 ug of vector was 
used. 

The YAC-t2 ligation and one of the YAC-RC ligations were melted at 
68^C for 5 min. diluted to 300 ul with 3% LMP agarose (BRL) in TE and 
reset into blocks, which were loaded onto a 0.8% agarose gel in TAE. Much of 
the non-recombinant vector was eiectrophoresed out of the ligations for 2 hrs 
at 5 V/cm. The gel containing the vector was removed and the genomic DNA 
eiectrophoresed back into the blocks under the same conditions using an 
inverted field. The blocks were removed from the gel and equilibrated, 
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alongside the non-treated YAC-RC ligation, with 50 mM NaCl, 10 mM EDTA 
and melted at 6B^C for 5 min. All ligations were agarased with 100 U agarase 
(Calbiochem) at 37^0 for 3.5 hrs. After 1:1 dilulion with 2 M Sorbitol they 
were frozen on dry Ice and stored at -70^C. Ligations were thawed and 
transformed into AB1380 spheroplasts. The preparation of spheroplasts and 
the transformation procedure were as descrtt)ed by Burgess and Perdval 
(1987), with the exception that the transformation was performed at 1^ x 
10^ spheroplasts/mL 10 ng of YCpSO superooll DNA was transformed in 
parallel to provide an estimate of the transformation efficiency. Plates were 
Incubated for 5 days at 30^C in a fan assisted incubator. 

Replication and screening of clones 

The colonies were replicated in duplicate out of top agar using an aluminium 
plate with 40,000 machined pins (constructed at the EMBL Heidelberg) onto 
ura- plates. After 2 days at SO^C they were lifted onto Hybond-N membranes 
and lysed overnight on Whatman 3MM soaked In 1 mg/ml zymolyase (FMC 
Bloproducts) in 1 M Sorbitol, 0.1 M sodium citrate pH 5.8, 10 mM EDTA pH 
7.6 and 30 mM 2-mercaptoethanoi. Filters were denatured for 10 min on 
Whatman 3MM soaked in 0.5 M NaOH/1^ M NaCt and excess denaturant was 
removed before neutralization by flotation on 1.5 M NaCI/1 M Tris pH 7.4 
(neutralization solution) for 2 min. Cell debris was wiped off with Kleenex 
tissues soaked in 0.1 x neutralization solution, with which the filters were 
then rinsed thoroughly. They were incubated on Whatman 3MM soaked in 200 
ug/ml Proteinase K (BDH) In 0.1 x neutralization solution for 20 min and 
then floated on 50 mM Na2HP04 pH 7.2 for 2 min. After air drying, the 
filters were baked under vacuum for 20 min at 80^C and UV cross linked 
(Church and Gilbert 1984). Hybridizations were as described above wHh a 
probe concentration of l-2xlo6 cpm/ml. 
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Results 

Characterisation of eosmid clones 2R88 and B31 

2R88 and B31 are two of a series cf clones (Whaley at al. in preparation) 

identified by hybridization with total human DMA to a cosmid library 

constructed from the somatic cell hybrid Bne HHW693: which contains 

4pl5.1-4pter translocated onto a fragment of 5p as the only human 

component on a Chinese hamster cell badcground (Wasmuth et aL 1986). 

Figure la shows restriction maps of the cosmids, including the positions of 

sites for the rare cutter enzymes MIul. Sail and BssHII which were used In 

the further analysis. The positions of unique or low copy fragments that were 

isolated for use as probes are also indicated. 

To determine which of the rare cutter sites identified in the clone are 

also cleavable in genomic DNA. we hybridized the probes 886H2.0 and 

88E1.8 to Southem blot filters of DNA from the cell line GM1416B. that had 

been digested either with Hindlll only, or with both Hindlll and a number of 

rare cutting enzymes. Figure lb shows the result of this experiment, 

indicating cleavage of the rare cutter sites (BssHII, Sail and Clal) In 

6M1416B DNA. The Clal site is not present In 2R88 (since this cosmid is 

derived from HHW693 DNA). 

2R88 is located in the most distal region of 4p16.3, 100 kb 
from the end of the map 

Provisional pulsed field gel mapping data, with the enzymes NotI, Mlul and 
Nrul, suggested that 2R88 maps 60-280 kb distal to D5 on a partial 220 kb 
Mlul fragment. In order to position 2R88 precisely, and to determine its 
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orientation, the region was mapped more extensively with BssHII and Sail 
using the probe 05, and 88BH4.8. p2R8B-1 and 88ES2^* Isolated from 
2R88 (Rgure la). The probes were hybridized to a number of fitters 
containing single and doub.e digests of GM1416B and peripheral leukocyte 
DNA. RIters were prepared in duplicate with pulse times of 100 sec and 50 
sec, which allow a gel resolution of up to 1500 and 600 kb respectfvely. 
Rgure 2 shows the hybridization of p2R88-1 and D5 to one fiher 
illustrating detection of the same 350 kb Nrut fragment in leukocyte DNA and 
the same partial 300 kb Mlul fragment in QM1416B DNA. 

Data of this type, summarised in Table I, allowed the construction of a 
high resolution pulsed field restriction map of the most distal region of 
4p16.3 (Rgure 3) and localized 2R88 200 kb distal to D5 and 100 kb from 
the end of the map. However, establishment of the pulsed field map was 
complicated by the observation of additional bands, identified by cross- 
hybridization of the probes used to other loci, a phenomenon characteristic of 
this region of the genome (unpublished observation). Weaker bands, 
corresponding to fragments detected by cross-hybridizing loci, are indicated 
by an asterisk in Table 1 and discussed in the table legend. 

The end of the map is likely to coincide with the telomere of 
chromosome 4p 

The duster of restriction sites at the distal end of the map (mariced in italics. 
Rgure 3) could represent either a CpG island, containing a well cut site for 
all enzymes tested, or the 4p telomere. Pulsed field gel analysis is unable to 
distinguish between these two possibilities, however, several further lines of 
evidence suggested that this was indeed the telomere. Attempts to klentify DNA 
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beyond these sites by partial digestion were repeatedly unsuccessful. 
Similarly, we were unable to Isolate clones from the potential CpG island by 
chromosome jumping (Poustka and Lehrach, 1986: Poustka et al. 1987; 
Poustka and Lehrach 1988) In either Mlul or BssHII jumping libraries 
(Poustka, unpublished), while multiple clones extending to a site proximal to 
this position were recovered (in preparation). In combination, this evidence 
was sufficiently compelling to devise a strategy for the isolation of the 4p 
telomere based on the pulsed field get analysis presented here.. 

Cloning of mammalian telomeres In Saecharomyces Cerevislae 

The similarity of the human telomerlc repeat to that of Tetrahymena 
(functional as a telomere in yeast) suggested that a YAC vector carrying only 
one Tetrahymena telomere would allow the cloning of a human telomere by 
complementation. To simplify the identification of a clone from 4p, and to 
allow the construction of clones of sufficient length to be tested for possible 
biological acth/ity (e.g. In a transgenic mouse system), we were especially 
interested in a telomere library containing long clones. Such large insert YAC 
libraries can be constructed by two procedures. One protocol, used by Burke 
et al (Burke et al. 1987; Uttle et al. 1989), relies on the use of very 
partial digestion with commonly cutting restriction enzymes to generate the 
large DNA fragments (of the order of hundreds of kllobase pairs) to be cloned. 
We decided to concentrate on an alternative approach and use rare cutter 
enzymes, enabling us to take advantage of the infomnation in the long range 
map of the region. 
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Choiee f rare cutter restriction enzyme for the construction of 
the telomere library 

The majority of the clones recovered from the construction of a rare cutter 
YAC library, in the absence of prior size selection, wfli fall within a size 
range of up to 200 kb (unpublished observation). By pulsed field gel 
analysis, we have identified a 100 kb BssHII fragment which contains 
p2R88-1 at its proximal end and extends to the tetomere. The preparation of 
a library from genomic DNA digested with BssHII would therefore generate a 
done in a size dass for which there is a natural enrichment and allow its 
identification by hybridization with p2R88-1. Furthermore, hybridization 
of this probe to DNA from a number of blood samples and ceil lines, that had 
been digested with BssHII and fractionated by PFQE, detected a BssHII 
polymorphism as shown in Figure 4. Lanes 1 and 2 contain samples from two 
individuals from the Venezuela pedigree (GUSHMI and GUSHM3), expected to 
be homozygous for the HD mutation, and In these DMAs, p2R88-1 detects 
BssHII fragments of approximately 100 kb and 120 kb. The BssHII fragment 
of 60 kb previously observed In GM1416B and leukocyte DNA is not present. 
Indicating either complete methylation or absence of the internal site. 
Therefore, the construction of a BssHll-telomere clone library from one of 
these individuals would provide an increased chance of recovery of a 
telomerlc done, and would allow access to the mutant form of the region. 

Vectors for telomere cloning 

Vectors YAC-tl and YAC*t2, that permit the doning of mammalian telomeres 
in yeast, were constructed as illustrated in Figure 5 and as descrbed in the 
materials and methods. YAC-n contains CEN4, ARS1, URA3 and a single copy 
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of TEL, the telomere repeat sequence from Tetrahymena. Upon cleavage with 
EcoRI and BamHI a linear molecule is generated with the TEL sequence at one 
end and an EcoRI cloning site at the other, tn YAC-t2 the EcoRI/BamHl 
fragment has been replaced with a rare cutter poly tinker to provide NotI, 
Sacil. Sall» Mlul. Clat and SnaBI as additional doning sites. 

Construction of a BssHll^teiomere clone library from an 
Individual homozygous for HD 

The steps involved in the preparation of the telomere library are summarised 
in Rgure 6. I^tgh molecular weight genomic DNA from GUSHM1 was prepared 
in agarose blocks, digested to completion with BsslHIl and Itgated to an excess 
of YAC-t2 which had been cleaved with BamHi and Mlul and treated with 
alkaline phosphatase to reduce vector background. To further reduce the 
background of clones originating from vector alone, most of the unllgated 
vector was then removed by electrophoresis. As a control, a fraction of the 
Bssl-lll digest was iigated to Mlui cleaved YAC-RC, a YAC cloning vector 
containing a rare cutter poly linker (Marchuk and Collins 1988). Losses 
incurred during vector removal were estimated by transforming fractions of 
this ligation from both before and after the removal of the vector, which had 
been carried out in parallel with that for the telomere cloning experiment. 
Libraries were constructed by transformation of AB1380 spheroplasts. 
Spheropiast transformation efficiency was tested with YCpSO. giving a value 
of 3.5x10^ colonies/ug vector. The ligation of BsslHll digested DNA into YAC- 
RC gave a transformation efficiency of 5x1 o3 coionies/ug insert. Therefore, 
we transformed ligation mix containing approximately 3 ug of insert. 
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sufficient to give one to two fold coverage of the clonable BssHII fragments in 
a standard BssHII cloning experiment. 

Library screen 

The 25,000 clones recovered were replicated in duplicate directly from the 
top agar, containing sorbitol, onto ura- plates. Filter lifts were screened 
with p2RB8-1 and a single positive clone (Y8BBT) was Identified, in rough 
agreement with the one to two fold coverage expected. While most of the other 
clones recovered appear to be vector background, due to the incomplete 
removal of vector sequences, approximately 10% of the clones (2500 
dones) were found to hybridize with a cloned Aiu repeat probe. These would 
be expected to carry human DNA inserts, either due to the formation of 
(dicentric) clones with two vector arms, or the low frequency recognttlon of 
broken DNA fragments by the yeast telomerase. Up to 20% of the Alii 
positives that would be expected from the construction of a library In a 
conventional YAC vector have been recovered, suggesting minimally a five fold 
enrichment for telomere clones. Previously, the rate limiting step In the 
rapid analysis of a large number of YAC recombinants has been the difficulty 
in the transference of the clones embedded in top agar to a fonrt in which they 
can be screened rapidly and in high density without library amplification. The 
method of direct replication used here has circumvented this technical 
problem. 
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Y88BT e ntains only ne YAC-t2 sequencOt and carries a human 
telomere r peat 

Chromosomes were prepared from the p2R88-1 positive done. Y8BBT, and 
fractionated by PFGE. The recombinant chmmosome was approximately 120 
kb, the size of the larger BssHll fragment detected by p2R88-1 in GUSHMI 
DNA (Figure 7a). In order to determine that this clone contains the telomere 
of human chromosome 4p, and has not arisen from an internal BssHll 
fragment, YSSBT was digested with NotI and fractionated by PFGE alongside 
und^ested DNA. NotI digestion separates the vector from the genomic DNA by 
cleavage within the vector polylinker. The resultant filter was hybridized 
sequentially with AIu. pBR322 and an oligomer. (CCCTAA)4, that contains the 
human telomeric repeat (Figure 7b), Hybridization with Aiu indicated the 
absence of an internal NotI site within the done. pBR322 detected the 8 Kb 
vector fragment only, demonstrating that all of the vector DNA had been 
removed from the artificial chromosome on digestion with NotI. Hybridization 
with {CCCTAA)4 to the NotI cleaved recombinant indicates the presence of 
telomeric sequences on the BssHll fragment. At this stringency the oligomer 
did not cross-hybridize to the tetrahymena telomeric sequences on the vector. 
The telomeric sequences on YSSBT are human in origin and this clone 
therefore contains the most telomeric 120 kb of chromosome 4p. 

A rare cutter restriction map of YSSBT 

In order to identify and position BssHll, Mlul and Sail sites within YSSBT, a 
restriction map was constnjcted using a combination of complete and partial 
digests (Rgure 8b). This demonstrated that YSSBT starts at the BssHll site in 
B31 that is adjacent to an Mlul site. The exact correlation between tne 



-23- 



position of rare cutter sites within Y8BBT with that in 2R88 and B31 argues 
against any rearrangements in the most proximal 40 kb of the done. The 
presence of the BssHIl site 40 kb from the telomere indicates that the 
differential cleavage of this site between individuals and cell tines is a the 
result of a methylation polymorphism rather than the absence of a restriction 
site. 

Genetic evidence suggests that the most likely position for the 
HD mutation is within Y88BT 

The HD gene has been localized to the 4p16.3 band by linkage analysis with 
numerous DNA markers {Gusella et al. 1983; Gilliam et al. 1987a; Wasmuth 
et al. 1988; MacDonald et ai. 1989b). However, its precise position within 
this small segment of the genome can only be established by a relatively small 
number of cases in which recombination events occur between the disease 
locus and the closest DNA markers. Such landmark crossovers have not 
provided an unequivocal placement of the HD gene, but have strongly favored a 
position distal to D4S90. the most telomeric marker on the genetic linkage 
map (MacDonald el al. 1989a: Bobbins et al. 1989; Youngman et al. 1989). 

Probe p88-18, from 2R88. was found to detect a rare restriction 
fragment length polymorphism (RFLP) when hybridised to Mspl-dlgested 
human genomic DNA. The alleles, corresponding to fragments 2.0 kb and 1.8 
kb, displayed frequencies of 0.98 and 0.02 respectively (N-100, where N is 
the number of chromosomes screened). Although not Informative In the bulk 
of the landmark recombination events used to assign a telomeric position for 
HDn this RFLP was heterozygous in a critical meiosis from the extended 
Venezuela HD pedigree (Figure 9) where HD segregates with the rare allele. 
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In the mating shown, several DNA markers from 4pl6^ including D4S115, 
D4S111 and D4S90 have previously been ascertained to recombine with HD 
(MacDonald et ah 1989a). which If Interpreted as a single recombinant, 
would suggest a location for HD proximal to these markers. However, the 
existence of other recombination events, incompatble with the proximal 
region, favors the assignment of the disease gene to the telomeric segment, 
distal to 04S90 (MacDonald et al. 1989a: Robbins et al. 1989). If the 
terminal location is correct, the Mspl RFLP at D4S142 also shows 
recombination with HD, Indicating that the event described above may be a 
double recombinant. This Implied second recombination event would have to 
be located distal to the Mspt RFLP at D4S142, as this polymorphism also 
shows recombination with HD. Since the polymorphic Mspl site detected by 
p88-18 is located within the Y88BT clone, the latter would span the entire 
HD candidate region. 
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Discussion 

The extreme telomeric location of the HD gene within 4pl6.3 has made the 
search for closer and especially flanking markers partfcularl/ difficult. It 
has not been possible to Identify a proven flanking marker nor to define with 
absolute certainty the region containing the I^D mutation. However, with the 
exception of one event, analysis of discrete crossovers suggests a very distal 
location for the gene defect (MacDonald et al. 19a9a; Bobbins et al. 1989), 
telomeric to D4S90. the most distal locus previously published. Sirnilariy, 
the observation of linkage disequilibrium with some but not all RFLPs has 
also not provided a conclusive localisation for the defect (Snell et al 1989). 

We have isolated overlapping cosmids, 2R88 and B31 (D4S142) and 
positioned them, by pulsed field get analysis. 200 kb distal to D4S90, within 
a region previously shown to be the favored location for HD. An RFLP at this 
locus, detected by p88-18, although relatively uninformative in the general 
population, segregates with HD in the Venezuela pedigree and in one sibship 
identifies a recombinant with the mutation. This crossover suggests a tocation 
for HD either proximal to D4S115 or distal to D4S142. i^owever, owing to 
the existence of (minimally three) other recombination events that are 
Incompatible with proximal location, the bulk of the recombination evidence 
suggests that gene may be distal to D4S142. 

In order to pinpoint the position of the gene more precisely It is 
Imperative that yet more distal and informative markers be identified. In 
parallel to the work described here we have used a combination of 
chromosome jumping (Poustka and Lehrach 1986; Poustka et al. 1987; 
Poustka and Lehrach 1988) and walking to isolate markers distal to this 
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bcus. A Jump from the weU cut BssHll site in 2R88, in a BssHll Jumping 
JStoTBjy (Poustka unpublished) and a subsequent phage walk, has allowed us to 
reach within 30 kb of the end of the pulsed field gel map (in preparation). 

The Isolation of Y88BT has provided unequivocal proof of the position 
of the telomere of 4p and this has for the first time set an absolute dstal 
fimit to the location of the HO gene. The telomeric candidate region of HD has 
therefore been reduced to a region panning I00kb and the identincatlon of 
the P88-18 RFlP within Y88BT indicates that the HD locus may lie within 
the YAC clone. Since the BssHIf-telomere l&)rary was prepared from an 
individual homozygous for HD, the locus would be present in its mutant form. 
Therefore, we have isolated, within a single done, the most likely of the 
candidate regions for the position of the HD gene. 

The isolation of a YAC clone likely to carry the mutant form of the HD 
gene has provided the immediate potential of a functional assay in a transgenic 
mouse system. However, in the case of such a telomeric location, the 
assumption that the HD mutation directly affects a coding sequence may 
require reconsideration, in addition to the conventional strategy of searching 
for expressed or conserved sequences, based on the assumption of the 
existence of a cell specific "killing gene* within the region, less conventional 
approaches may have to be entertained, since the proximity of the defect to 
the telomere and the paucity of unique sequences in this region raise the 
specter of novel mechanisms of action of the mutation. 
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Table 2 



Probe 


Size of partial bands (kb) 


pBR322 


23 73 83 123 


P2R88-1 


50 60 73 83 100 123 
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Legends to tabi s 

Table 1 

Summary of rare cutter restriction fragments (kb: 10%) detected by 
05 and by probes isolated from 2R88. 

Weakiy detected bands, generated by partial digestion of a restrictton site, are 
indicated In parentheses. An asterisk frtdicates the presence of a weak band 
detected by cross-hybridization to another tocus. p2R88-1 and 88BI-I4.8 
both crosshybridize to Sail and BssHll fragments of approximately 50 kb. and 
D5 to BsslHirand NrurirignfAiTits of approximately 170 kb that are located 
proximal to this map but within 700 kb of the distal end of the map. p2R88- 
1 also crosshybrtdizes with a locus on the 220 kb BssHll fragmertt detected 
by 05, and 88BH4.8 to a locus that detects the same BssHll fragments as 
P2R88-1. 

N«Notl« M-Miul, R-Nrul. S»Sall and B«BssHII. NT - not tested. 
Table 2 

Sizes of partial BssHll restriction fragments 10%) of Y88BT, detected 
by hybridization with pBR322 and p2R88-1 (Figure Sa). 

Legends to figures 

Figure 1: Characterization of the 2R88 and B31 cosmids 

a) Restriction maps of the 2R88 and B31 cosmids indicating the position of 

the rare cutter restriction sites BssHll Miui and Sail. Fragments that were 

used as probes against South&m filters are outlined above the map. These 
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fragmems that flank the BssHII sites. 88E1^ Is the 1.8 kb EcoRI fragment 
containing the Sail site and 8B£S2^ the 2.3 kb EcoRI/SaJI fragment (the Sail 
site is In the vector). p2R88-1 is a Sau3A/Pstl fragment of 750 bp In 
pGEM4 that originates from the 2«2 kb BamHI/Hindlll fragment and p88-l8 
contains a Sau3A fragment in pQEM4 that maps to the 700 bp EcoRt/Hindlll 
fragment. 

b} Demonstration that the BssHII and Sail sites within the 2R88 cosmid are 
unmethyiated in genomic ONA isolated from the cell line QM1416B. 88BH2.0 
and 88 El .8 were hybridized In turn to a filter containing GM1416B DNA that 
had been digested with Hindlll orily and with.Hindlll and a rare cutter 
retriction enzyme as indicated. The 6.8 kb Hindlll fragment detected by 
88BH2.0 is reduced to 2.0 and 5.2 kb by BssHII and Clal respectively. 
Fainter bands are indicative of cross*hybridtzation to other k>ci. The 4.5 kb 
Hindlll fragment detected by 88Et.8 is reduced to 2.8 kb by Sail cleavage. 

Figure 2: Pulsed field gel analysis of D5 and p2R88-1 
Hybridization of the probes p2R88-1 and D5 to a pulsed field filter 
containing both GM1416B and leukocyte DNA that has been digested with rare 
cutting restriction enzymes as indicated. Electrophoresis was for 36 hrs at 5 
V/cm in 0.75% agarose/0.25 x TBE with a pulse time of 50 sec. 1^ indicates 
the region of limiting mobility. 

N-NotI, M-Mlul RoNrul S-Sall and B-BssHII. 
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Figure 3 

A long range restriction map spanning 350 kb and illustrating the physical 
linkage between the D5 (D4S90) and ^R88/B31 (D4S142) lod and the 
position of the 4p tetomere (indicated as restriction sites in ttaiics). 
Linkage between D5 and 2R88 is demonstrated by hybrkfization to the same 
350 kb Nrul, 1000 kb Mlul {Table 1), and 650 kb NotI (Table 1) fragments 
In leukocyte DNA and to the same 350 kb Nrul fragment and partial 300 kb 
Mlul and 850 kb Notl (Table 1) fragments In DNA from GM1416B ceils. The 
Sail fragments detected by D5 in DNA from leukocytes and GM1416B cells are 
450 and 100 kb respectively, and the Sail sites that flank this fragment in 
QM1416B DNA can be positioned by double digestion with Notl. Mlul and Nrul. 
This places a Sail site 250 kb from the distal end of the map which Is the size 
of the Sail fragment detected by p2R88-1 in leukocyte DNA. It is also the sum 
of the 1 60 and 90 kb Sail fragments that hybridize with p2R88-1 and 
88ES2.3 respectively (probes that flank the well cleaved Sail site In the 
2R88 cosmid that is not cut in leukocyte DNA). This position of 2R88 is 
confirmed by the 130 kb Sall/MIul double digestion product detected by 
P2R88-1 in GM1416B DNA. The oriemation of the cosmkl is indicated by the 
hybridization of p2R88-1 and D5 to GM1416B DNA that has been digested 
with Salt and Bssl^ll. positioning the BssHli sites flanking the D5 BssHII 
fragment. Consideration of these data, alongside the predetemiined position of 
the Sail site within 2R88, allows only one orientation of the 2R88 cosmid. 
Parentheses indicate that a site is very partially cleaved. The Notr and Mlul* 
sites are available for restriction on one chromosome only and situated on 
opposite chromosomes, it was not possible to be certain *hat all of the Bssi-lll 
sites within this region had been positioned. 
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Flgure 4: BssHli polymorphisms detected by p2R68-1. 
Hybridization of p2RB8-1 to a Southern blot of BssHU digested DNA from a 
number of individuals. PFQE was In 0.9% agarese with a pulse time of 40 sec 
for 40 hrs. The DNA samples are as follows: lane 1 : GUSHMI ; lane 2: 
GUSHM3; lane 3: GUS641 ; lane 4; GUS 115. GUSHMIand QUSHM3 are 
individuals from the Venezuela pedigree likely to t>e homozygous for HD. 
GUS641 and QUS115 are individuals from the Venezeuta pedigree not 
carrying the HD mutation ^ 

Figure 5: Construction of the telomere cloning^ vectors YAC-tl and YAC*t2. 
YAC-tl was generated by the replacement of the BamHI/SatI fragment of 
YCpSO with the BamHI/Xhol fragment from YAC4 containing the Tetrahymena 
tebmeric repeat Cleavage with EcoRI and BamHl creates a linear molecule 
flanked by a Tetrahymena telomere and an EcoRI cloning site. YAC-t2 was 
constructed by the replacement of the BamHI/EcoRi fragment from YAC-t1 
with a rare cutter polyltnker providing additional cloning sites as indicated. 

Figure 6: Construction of the BssHll telomere library 
High molecular weight DNA from GUSHMI was digested to completion with 
BssHll and ligated into the MIul site of Mlul/BamHI cut and phosphatased 
YAC-t2. Recombinant molecules were transformed into AB1380 spheropiasts 
and the telomere of human chromosome 4p was subsequently identified by 
hybridization to p2R88-1. 
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Figure 7: Demonstration that the stmcture of Y88BT Is that of a telomere 
ctone 

a) Y886T was digested with NotI and fractionated alongside the undigested 
done (UD). YP148 chromosomes were used as a size marker. 
Electrophoresis was In a 0.9% agarose gel wHh a pulse time of 40 sec for 36 
hrs to give separation up to approximately 500 kb. 

b) Hybridization to the resultant filter from the gel In a) with Alu. pBR322 
and the oligomer (CCCTAA)4. 

Rgure 8: A rare cutter restriction map of Y88BT 

a) Hybridisation of pBR322 and p2R88-1 to a Southern blot of BssHIl 
partial digests of Y88BT. Agarose blocks containing approximately 1 ug of 
Y88BT DNA were digested with decreasing amounts of enzyme (as indicated) 
In 200 ul for 3 hrs. PFGE was in 1% agarose with a pulse time of 5 sec for 
24 hrs, to provide a gel resolution of 100-150 kb. Lambda multimers and 
lambda DNA digested with Hindlll were used as size markers. LM is the region 
of limiting mobility, 

b) A rare cutter restriction map of the Y88BT ''tone with the enzymes Mlul, 
Sail, and BssHIl (NotI and Sail cut within the polylinker). The map was 
constructed from a combination of data generated by PFQE analysis of 
complete and partial digests using the condtttons described in a). The 
resultant filters were hybridized sequentially with p2R88-1« Alu, the 

human telomeric repeat oligomer, (CCCTAA)4, and with pBR322. The Sal! 

. ■ r* 

and Mlul sites were positioned with information gained from complete 
digestion of the YAC. The numtier and relative positions of the BssHIl sites 
were determined from the fragments observed by hybridization with pBR322 



and P2R88-1 to the partial digests as shown in a). The distances between 
these sites (estimated to be 10%) were judged from the size of complete 
digest bands detected by Alu, and those close to the telomere from tt^e 
hybridization of (CCCTAA)4 to the filter in a). 

Figure 9: Presence of D4S142 in YB8BT artd segregation of the locus in an 
HO recombinant family 

a) p88-l8 prot>e was hybridized to blots containing 5 ug of the foliowing 
DNAs digested with Mspl: lane 1: HHW842, a human-hamster somatic cell 
hybrid containing human chromosome 5 and an interstitial deletion human 
chromosome 4 which retains the terminal portion of 4p16.3; lane 2: hamster 
cell line tsHI spiked with lOOng of DNA from yeast containing Y88BT; lane 3: 
tsHI; lane 4: HHW847, a human hamster hybrid containing several human 
chromosomes including human chromosome 5 and a t(4;2l) chromosome in 
which 4p16.2-pter is absent; lane 5: the father (F) of the nuclear family 
shown in b); lane 6: the mother (M); lane 7: an affected ofbpring showing 
recombination between HD and the D4S142 Mspl RFLP; and tane 8: an affected 
offspring (NR) showing no recombination. The presence of the expected 
allelic fragment in HHW842 but not in HHW847 establishes that the locus 
maps to the terminal portion of 4p16.3. The fragment representing allele 2 
is seen in Y886T ^nce this allele segregates with HD in the extended 
Venezuelan pedigree from which the homozygous HD cell line, used for 
library construction, was derived. The results in lanes 5*8 can be 
interpreted by referring to b). 

b) The nuclear family shown derives from the Venezuela HD kindred and 
consists of an affected father (F). unaffected mother (M) and two affected 
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progeny (NR and R) with dlfferino genotypes for several 4pl6J markers as 
previously reported (MacDonald et al. 1989a). The sex of the children is not 
given to protect the confWentiality of the family and to preserve the blinded 
status of our dinical oollalx)rators. The normal phase of the various marker 
alleles with respect to the HD chromosome, shown In mdhfWuals F and NR and 
symbolized by the filled chromosome schematic. Is known from other affected 
«ibs and dose relatives In the remainder of the Venezuela pedigree. The 
affected individual designated as R has been reported to display recombination 
between the markers D4S115. D4S111 and D4S90 and the disease gene. The 
data shown in a) Indicates D4S142 also displays recombination, leaving two 
possible tocations for the HD gene; 1) the region between D4S10 and D4S115 
and 2) the region between D4S142 and the telomere in the case of a double 
recombination event. The latter tocatton is favored, however, because of 
several independent crossovers In other families not Informath/e for the 
D4S142 RFLP that are inconsistent vidth the HD gene being proximal to 
D4S111 and D4S90. 
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CIAIMS 

1. YAC - clone YSS BT (NCYC 2336} . 

2. A nuclaic acid proba capable of hybridising with 
YAC - clone Y88 BT (NCYC2336) • 

5 3. A nucleic acid fragment capable of hybridising with 
YAC - clone Y88 BT (NCYC2336) and containing a coding 
sequence • 

4. A nucleic acid fragment according to claim 3 
containing at least a portion of the coding sequence of a 
10 wild type or mutant gene which, in mutant form, is 
responsible for Huntington *s Disease. 

5* An expression vector comprising a nucleic acid 
fragment according to claim 3 or claim 4 in expressible forsi. 

6. A virus particle containing a nucleic acid fragment 
15 according to claim 4 in expressible form as part of the 

genomic nucleic acid of the virus. 

7. A cell transf acted with a vector according to claim 5 
or infected with a virus particle according to claim 6. 
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8. A process for producing a polypeptide con^rising 
culturing a cell according to claim 7 under conditions 
permitting expression of the coding sequence. 

9. A polypeptide encoded by a coding sequence of 
5 YAC - clone Y88 BT (NCYC2336) or a fragment thereof. 

10. An antibody against a polypeptide according to claim 
9 or produced by a process according to claim 8.' 

11. Use of a nucleic acid probe, fragment, expression 
vector, virus particle, cell, polypeptide or antibody 

10 according to any one of claims 1 to 7, 9 and 10 in diagnosis 
or therapy of Huntington's Disease. 
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Fig A. 
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Fig.6. 
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Fig. 7 A. 
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Fig. 7B. 
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Fig.SA. 
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Fig. 8B. 
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Fig. 9A. 
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Fig. 10. 
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